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Apparatus for Fingerprint 
Recognition 

ABSTRACT 

This invention is about the apparatus for 
fingerprint recognition. The system according 
to this invention makes it possible to capture 
fingerprint images with much less distortion 
than existing systems do. And the captured 
image can be used for further processing by 
computers directly. On the other hand, the 
person who inputs his fingerprints can 
monitor the quality of fingerprint images. 
This invention aims at reduction of input 
errors by monitoring the status of input 
image as well as by improved optical design. 

BRIEF DESCRIPTION OF THE 
DRAWINGS 

FIG. 1 is a typical scheme of an existing 
apparatus; 

FIG. 2 is an image capturing scheme of an 

existing optical system; 

FIG. 3 is an optical structure of the 

fingerprint recognition apparatus in this 

invention; 

FIG. 4 is the image capturing scheme in this 
invention; 

FIG. 5 is the optical image in this invention; 
FIG. 6 and 7 show examples of various 
layouts to monitor the fingerprints being 
inputted. 

DESCRIPTION OF THE PRIMARY 
PARTS IN DRAWINGS 
6: LED array 7: Dispersing lens 8: 
Prism 8 V : Imaging surface 
8": Semi-transparent surface 9: 



Capturing lens 10: CCD(Charge Coupled 
Device) 

1 1 : Lens 13: Viewing hole 
BACKGROUND OF THE INVENTION 

The fingerprint recognition 
apparatus, which is already known, consists 
of light source(LED)(l), prism(2), capturing 
lens(3), CCD(Charge Coupled Device)(4) 
which converts captured images into 
electrical signal, and circuits to amplify and 
analyze the signal as shown in Fig. 1 and 2. 

In the apparatus described above, 
the light from the LED-array comes into the 
prism and undergoes Total Internal 
Reflection when the incident angle exceeds 
the critical angle of the material. But the 
intensity of the internally reflected light is to 
be attenuated in the areas of contact of 
fingerprint ridges with the imaging surface of 
the prism. Therefore, the resulting 
fingerprint images obtained such as above 
appear dark lines for the ridges in the bright 
background. These fingerprint images are 
captured at CCD(4) through the capturing 
lens(3), and then, CCD(4) converts captured 
fingerprint images into electronic signal. 
And after being amplified and analyzed, the 
electronic signal is ready to be compared and 
contrasted with registered fingerprints by 
algorithms inside the processing system. 

In the existing apparatus, the plane 
of the captured image is at prescribed angle 
with the imaging surface because the 
captured image is tilted out of normal with 
regard to the optical axis. Therefore, the 
captured fingerprint image must be 



dependent of the distance from the optical 
axis - the shorter the distance between its 
optical path and the . center of optical axis is, 
the more distinct image they get - as shown 
in Fig. 1. The reason is that the plane of 
images cannot be parallel to the CCD's face. 
That makes significant source of error for the 
general utilization of fingerprint recognition 
apparatus in the field. 

To improve the image capturing 
system, Korean Pat. No. 90-18868, 
'Fingerprint Recognition Apparatus', 
proposed a system utilizing several lenses 
and a simple prism. However, it had 
difficulties with its complex optical 
arrangement requiring severe tuning, a 
difficult manufacturing process, and a larger 
size, etc. In another system, holographic 
technique having a polarizer, and a scanning 
line guide was used to render optical 
parallelism to the system between the plane 
of fingerprint images and the CCD's surface. 
But that also proved to be another failure 
because it needed precious and complex 
optical components. Besides, a hologram 
requires almost perfect data about the subject, 
so that it often needs complementary optical 
systems to make up for probable shortage of 
the fingerprint data. Consequently, the 
optical system becomes larger and much 
more complex in hardware let alone in 
software. 

This invention utilizes specific 
range of angle and peculiar equations for the 
geometry of the prism to have a 
perpendicular plane of image to the optical 



axis regardless of the magnification of lens in 
order to get distortion-free images. In 
addition to that, the system makes it possible 
for the finger-applying person to monitor his 
own fingerprint image in order to optimize 
the capturing condition. 

DETAILED DESCRIPTION OF 
PREFERRED EMBODIMENTS 
Fig.3 is the scheme of the optical 
system. The light from the source-LED 
arrays- comes into the prism through a 
dispersing plate(7) to get uniform intensity 
over the range and then undergoes 
reflection/absorption at inner face of the 
imaging plane according to the principle of 
total internal reflection. Some of the 
resulting light escapes the prism to make an 
image as dark lines for the fingerprint ridges 
in the bright background. And the other 
part of the light is reflected from the semi- 
transparent inner face of the prism making it 
possible to monitor the fingerprint image 
being captured. 

The geometry of the prism must 
meet the conditions as follows : sin 0 / n « . 
sin bx • sin c for the incident light ; d + e 
- f « 0 when the light is being reflected 
then transmitted ; the apex angle, 0 which 
is made by the imaging surface and the semi- 
transparent surface(8") must lie between 52° 
and 72°. The condition of c*0 must be 
kept as well. When the materials used for 
the prism are changed, 0 must be changed 
within above the range to meet the equation 
sin 0 / n « sin b • sin c. That is why 0 is not 
a fixed value but lies in that range. 



The bottom of the prism(C) is 
placed parallel to the LED-array and the 
light-scattering plate to enhance uniformity 
of the illumination. The angle of the mirror 
plane used for monitoring is set arbitrarily to 
get optimal result. 

In this system, the light from the 
source made uniform with the scattering plate 
comes through the bottom of the prism to 
strike the imaging surface. That results in 
reflected beam having the information of 
fingerprint. And part of the beam is utilized 
to get the fingerprint image data and the other 
part of it is used to monitor the condition of 
captured image. The beam splitting is done 
at the semi-transparent surface. 
As explained above, the optical system built 
under the conditions suggested in this 
invention gives ^ distortion-free images 
regardless of the magnification of the lens 
and refractive indices of prism materials if it 
meets the equations suggested here. And 
the images obtained with the system are free 
from distortion whichever parts of the 
imaging surface may be used. And it can be 
modified easily to make another 
configuration such as Fig.7. 

We claim : 

1. A fingerprint recognition apparatus 
comprising: 

a) a light source, 

b) a dispersing plate to make the light from 
the source have uniform intensity, 

c) a prism(8) having : 

a transparent surface through which the 



light from the source comes in 

an imaging surface to which a finger is 
applied to be imaged, 

a semi-transparent surface which can 
split the light into two components 

d) a mirror, 

e) a capturing lens(9) with which the light 
comes into focus on the CCD( 10), 

f) a CCD(IO) to capture images from the 
light having fingerprint image data, 

g) The fingerprint image capturing is done 
in the apparatus as follows : 

Light from the source - LED array(6) - 
enters the prism(8) through a dispersing 
plate(7); and experiences total internal 
reflection at the imaging surface(8'). The 
light comes to catch the fingerprint data 
during the total internal reflection, and then 
touches the semi-transparent surface(8"). 

Some part of the light passes through 
the semi-transparent surface(8") and the 
other part of it is reflected. The passing part 
is used to capture the fingerprint image data 
by a CCD(IO) via a capturing lens(9). The 
reflected part escapes from the prism(C) 
through the bottom ; and is reflected at a 
mirror(H) surface ; and then goes through a 
lens(12) and a window(13). The resulting 
image is used to see whether the fingerprint 
image being captured is good enough, or not. 
2. The prism which meets the equation as 
follows : 

sin 8 / n « sin b • sin c, d - e - f « 9, 

52°<e<72°, c*o; 

where, 

G is defined as the apex angle - the 



angle between imaging surface(8') and semi- 
transparent surface(8' ') - of the prism 
n = refractive index 

b - angle between the imaging 
surface(8') and the light reflected from it 

c = angle between the light escaping the 
prism and the normal to the prism surface 

d = angle between the semi-transparent 
face and the imaging surface(8') 

e = angle between the semi-transparent 
face and the light reflected from the imaging 
surface(8') 
f = angle between the bottom of the 
prism(C) and the light reflected from the 
semi- 
transparent face 
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30. Human eye 
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